Criteria by which the homogeneity of any neutral polysaccharide material can be defined are difficult to obtain. The elucidation of the structure of starch depended upon the chemical and biochemical proof that it is composed of two distinct molecular species of polysaccharide; thus any analytical method which differentiates between components of the amylose and amylopectin type whilst having a more general application is ofuse for the investigation of polysaccharides. In particular, the study of a complete cellular structure in which several constituent polysaccharides occur, as for example in a plant cell wall, is primarily dependent upon an analytical method which will determine and differentiate these constituents. The work described below uses the Tiselius electrophoresis apparatus in an experimental approach to this problem; the application depends on the use of borate buffer solutions in which the various neutral polysaccharides acquire a negative charge and consequently move in an electric field towards the anode.
EXPERIMENTAL Material8
The methods of preparation and the characteristics of the polysaccharides are those given by the authors shown in Table 1 . In each instance the sample was analysed for total N and P. The commercial starch preparations were treated with aqueous methanol to remove fatty material (Schoch, 1942a) . Methods Analyses. Nitrogen and phosphorus analyses were made as described by Northcote & Home (1952) .
Electrophoreses. The polysaccharides were examined as 1% solutions in 0-05m borate buffer, pH 9-2, and in certain instances as 1% solutions in glycine buffer (0-1M glycine-0-1m-NaOH), pH 9-2, or 0-1 veronal buffer, pH 9-2. The ivory nut mannan A and the potato amylose were only partiaUy soluble in the buffer solutions; in these cases saturated solutions were used. Each solution was dialysed for 48 hr. against two changes of buffer and finally centrifuged before placing the clear supernatant in the 2 ml. electrophoretic cell. Electrophoresis was conducted at 00 in a Tiselius electrophoretic apparatus (Perkin Elmer and Co., U.S.A.; Model 38). The conductivity of the polysaccharide material in the buffer was measured at 00. pH Measurements were made with the glass electrode at room temperature.
RESULTS
The mobilities were calculated from the electrophoretic data and are given in Fig. 1 and Tables 2   and 3. Borate buffer Field strength, 5-0 v/cm.; current, 5-2 mA All the boundaries using this buffer were clearly defined and were maintained throughout the course of the experiments which lasted about 4-5 hr. or until the boundaries had passed out of the field of view. The ascending and descending boundaries in all cases were mirror images (Fig. 6a, b) . Prepared according to Northcote (1953) 0-003
Kindly given by Dr D. J. Bell (Bell, 1948; Bell & Manners, 1952) Mobilities of boundaries (cm.2V'sec.-'X105) 8 9
Fig. 1. Mobilities ofpolysaccharides in 0-05m borate buffer, pH 9-2, 00.
Starche8 (Figs. 2 and 8).
Each starch showed two boundaries except that from waxy maize, which gave a single very sharp peak (Fig. 8a ). The electrophoretic analysis of the separated amylose and amylopectin components showed that the amylose was the slower moving fraction in the whole starch. Separately, amylose and amylopectin gave single symmetrical peaks (Fig. 2c, d ), but a mixture behaved very similarly to the original starch on electrophoresis (Fig. 2a, b) .
Glycogen8 (Fig. 4a, b) . Rabbit liver glycogen moved as a single boundary, but yeast glycogen showed two components. Small amounts of a slower-moving fraction were indicated and the general electrophoretic pattern ofthe yeast glycogen resembled that of starch (Fig. 4b ).
Mannan8 (Figs. 6 and 9). Both yeast mannan and ivory nut mannan A moved more quickly than either the starches or the glycogens and in each case a single symmetrical peak was observed.
Yeast mannan and glycogen mixture (Fig. lOb) . This mixture separated clearly into two separate boundaries.
Yea8t glycogen and rabbit liver glycogen mixture. These components had very similar mobilities and failed to indicate any separation (Fig. lOc) .
Yeast mannan and, ivory nut mannan mixture (Fig. lOa) . These components separated into two distinct boundaries. Glycine buffer 1-6 1i2 Field strength, 6i3 v/cm.; current, 1i3 mA In all cases, when mobilities could be measured, these were much lower than in borate (Table 2) . Boundaries were ill defined and disintegrated during the course of the experiment over a period of 3-4 hr. The ascending and descending boundaries were not mirror images (Fig. 7) .
Potato 8tarch (Fig. 3) . A stationary and a fastmoving peak were apparent in the initial stages of the experiment, although the moving boundary rapidly dispersed. Analysis of the individual components of the starch showed that amylopectin gave a pattern almost identical with that of whole starch (Fig. 3b ) whilst no definite boundary could be obtained with amylose. Glycogens (Fig. 5) . Slow-moving boundaries were obtained with both rabbit liver and yeast glycogens, but the stability and shape of the diagrams were not satisfactory for analysis.
Yeast manhan (Fig. 7) . No single boundary was obtained but material passed towards the anode in a continuous flow made up of a gradation of fast-to slow-moving substance.
Yeast glycogen and mannan mixture. The mannan passed towards the anode in the manmer described above, whilst the glycogen remained almost stationary. Fig. 11 showsthe pattem after 143 min. when the movement of the mannan was no longer apparent.
Veronal buffer Field strength, 4-2 v/cm.; current, 5-1 mA The boundaries were more stable -than those in glycine buffer and the mobilities were again much lower than in borate (Table 3 ). The ascending and descending boundaries were generally not mirror images (Fig. 12) .
Potato starch (Fig. 13a) . The boundary was asymmetric, and after 290 min. separated into two small, almost equal, peaks. Amylopectin gave a very similar pattern (Fig. 13b) .
Yeast mannan (Fig. 12 ). The movement resembled that obtained with glycine buffer.
DISCUSSION
The movement of polysaccharide material in an electrical field has already been used in certain analytical and preparative methods, but this has usually been confined to separations in which one of the polysaccharide components at least carries a charge due to esterification or other combination with a polar group. Samec, Nucic & Pirkmaier (1941) obtained fractions from potato starch by such a method owing to the phosphate ester groups on the amylopectin component, and the method has been applied to the analysis of various blood group polysaccharides (Krejci, Sweeny' & Zittle, 1949) and 'acid polysaccharides' of gastric mucosa (Smith & Gallop, 1953) . The influence of borate on certain polysaccharides has been investigated with relation to solubility, viscosity and gel formation (Deuel, Neukom & Weber, 1948; Deuel & Neukom, 1949) , but no systematic study of the movement of such polysaccharide-borate compounds in an electrophoresis apparatus has been made. The present work shows that such an electrophoretic method using borate buffer has proved successful in the analyses of potato and cereal starches, mannans and glycogens. The cereal starches are known'to contain no esterified phosphate on the amylopectin and thus the presence of such an ester group is not a necessary factor for electrophoresis under these conditions. Waxy maize starch, which gives a welldefined boundary with a mobility comparable with the other amylopectin components (Fig. 1) very small amounts of fatty substances and therefore it is unlikely that lipid sometimes associated with starches is the factor contributing to the electrophoretic separations described here.
The starch components amylose and amylopectin, isolated by a standard procedure, gave single boundaries in the apparatus; whereas an artificial mixture of these two amylosaccharides gave an electrophoretic picture very similar to that of the original starch (Fig. 2) . Thus polysaccharides different in shape, size and structure, but composed of the same sugar, can be differentiated using the Tiselius apparatus. This conclusion is also indicated by the separation of yeast and ivory nut mannans (Fig. lOa) . As with other applications of electrophoresis, a single peak only implies the presence of species homogeneous with respect to charge per unit area of surface for the large molecules used in this investigation; interpretations indicating homogeneity of any other type, such as of molecular weight, must have due regard to this restriction.
The two principal soluble polysaccharides obtained from yeast are glycogen and mannan and these can be clearly separated by electrophoretic analysis (Fig. lOb) . Thus the method should prove useful in a preliminary study of a mixture of polysaccharide material such as that obtained from many plant products and from cell structures such as cell walls. Furthermore, the chemical fractionation of such a mixture can be followed by this method. Isherwood (1949) has already hinted that an electrophoretic method applied to polysaccharides would be a useful tool for investigations of this type and he has tentatively proposed a method using 4 % sodium hydroxide solution as a solvent for the substance.
Although at the pH used some of the polysaccharides investigated do move in the electric field in the absence of borate, the boundaries are not suitable for analytical study for one or more of three reasons.
(1) The movement is disorganized, and no definite boundary is formed. This is apparent with yeast mannan both in glycine and veronal buffers. It is of interest to note that Lindquist (1953) obtained a mobility of -1-38 x 105 cme2 V-ec.-for -yeast mannan at pH 9.3 in veronal buffer although no information about this movement or its cause is given; a secondary cathodic migration was observed in some of his experiments at this pH.
(2) The boundaries which separate do not seem to coincide with the known chemically different molecular species present in the mixture. This can be seen very clearly in the case of potato starch analysed both in glycine and veronal buffer. Separation of two boundaries occurred (Figs. 3a and 13a); but amylopectin in each case showed a very similar electrophoretic pattern to that of the whole starch (Figs. 3b and 13b) .
(3) The boundaries obtained disintegrated fairly rapidly, more so in glycine than in veronal buffer, and since the movement is so much slower than in borate buffer, satisfactory separations of material could not be obtained.
Borate would thus seem essential in such investigations and contributes to the origin ofthe charge on the polysaccharide. The reaction of borate with polysaccharides containing monosaccharide units which possess free vicinal ci8-hydroxyl groups, such as occur in mannan, is well known (Deuel et al. 1948; Deuel & Neukom, 1949) , but with starches and glycogens it is more difficult to visualize. There is already some indication from other studies that a reaction can occur with these latter polysaccharides which contain only tran8-vicinal hydroxyl groups (Zittle, 1951) and a comparison of electrophoretic mobilities in the absence and presence of borate provides additional evidence for this.
SUMMARY
1. An electrophoretic method for the analysis of neutral polysaccharides has been described. It is suggested that the method has a general application to soluble polysaccharide material. Borate buffer at pH 9-2 is used and the polysaccharides in this solution move towards the anode.
2. Borate buffer is essential for satisfactory electrophoretic analysis even with polysaccharides containing only trans-vicinal 
